DIRECT OBSERVATION OF FERROELECTRIC DOMAINS IN BARIUM ΊΤΓΑΝΑΤΕ BY MEANS OF THE ELECTRON MICROSCOPE. EUR 392.e by Amelinckx, S. & Blank, H.
I i i i DIRECT OBSERVATION OF FERROELECTRIC 
DOMAINS IN BARIUM ΊΤΓΑΝΑΤΕ 





ί ϊ Γ ' 






Euratom - United States Agreement for Ciooperation 
Work performed under the Euratom/C.E.N, contract No. 063-61-10 RDB 
¡BP 
Reprinted from 
APPLIED PHYSICS LETTERS 
mm 
Vol. 2, No. 7 - 1963 
m ίριβ I 
Neither the EURATOM Commission, its contractors nor any person acting on their behalf : 
lo — Make any warranty or representation, express or implied, with respect to the accuracy, 
completeness, or usefulness of the information contained in this document, or that the use 
of any information, apparatus, method, or process disclosed in this document may not 
infringe privately owned rights; or 
■ · " * : ' . . - ¡ ¡ " ¡ ' " Γ . - · . : 
Assume any liability with respect to the use of, or for damages resulting from the use of 
any information, apparatus, method or process disclosed in this document. 
The authors' names are listed in alphabetical order. 
luti liisi il 'Mm 
HpyraSíPSw 
This reprint is intended for restricted distribution only. It reproduces, 
by kind permission of the publisher, an article from "APPLIED Ai-i^'w.^.m-m» r.a· PHYSICS LETTERS", Vol. 2, No. 7 - 1963, 140-142. For further 
(Eng fond). 
fi©«}» Dies 
copies apply to Pergamon Press Ltd., Headington Hill Hall — Oxford 
i er Sonderdruck ist für eine beschränkte Verteilung bestimmt. Die 
Wiedergabe des vorliegenden in „APPLIED PHYSICS LETTERS,,, 
Vol. 2, Nr. 7 - 1963, 140-142 erschienenen Aufsatzes erfolgt mit 
freundlicher Genehmigung des Herausgebers. Bestellungen weiterer 
Exemblare sind an Pergamon Press Ltd., Headington Hill Hall — 
Oxford (England). aiili 
Ce tiré-à-part est exclusivement destiné à une diffusion restreinte. Il 
reprend, avec l'aimable autorisation de l'éditeur, un article publié dans 
«APPLIED PHYSICS LETTERS», Vol. 2, N° 7 - 1963, 140-142. 
Tout autre exemplaire de cet article, doit être demandé à Pergamon 
Press Ltd., Headington Hill Hall — Oxford (England). 
Questo estratto è destinato esclusivamente ad una diffusione limitata. 
Esso è stato riprodotto, per gentile concessione dell'Editore, da 
«APPLIED PHYSICS LETTERS», Vol. 2,N°7- 140-142. Ulteriori 
copie dell'articolo debbono essere richieste a Pergamon Press Ltd., 
Headington Hill Hall — Oxford (England). 
ì 
Deze overdruk is slechts voor beperkte verspreiding bestemd. Het artikel 
is met welwillende toestemming van de uitgever overgenomen uit 
„APPLIED PHYSICS LETTERS", Vol. 2, no. 7 - 1963, 140-142. 
Meer exemplaren kunnen besteld worden bij Pergamon Press Ltd., 
Headington Hill Hall — Oxford (England). 
E U R 3 9 2 . e 
R E P R I N T 
D I R E C T O B S E R V A T I O N O F F E R R O E L E C T R I C DOMAINS IN BARIUM 
T1TANATE BY MEANS O F T H E E L E C T R O N MICROSCOPE by S. 
A M E L I N C K S (C.E.N.) and H. B L A N K (Euratom). 
European Atomic Energy Communi ty - E U R A T O M . 
E u r a t o m - United Sta tes Agreement for Cooperation. 
Work performed under the Eura tom/C.E .N. cont rac t No. 063-01-10 R D B -
(EURAEC Repor t No. 721). 
Reprinted from "Applied Physics Le t te r s" , Vol. 2, No. 7 - 1963, pages 140-142. 
Thin single crystals of B a T i 0 3 show ferroelectric domains in transmission 
electron microscopy. The contras t is produced by Bragg reflection. Suitable 
oriented domain walls show contrast similar to s tacking faults. The geometry of 
the domains is influenced sensitively by the electron beam. There are noticeable 
deviations from the (110) orientation of the domain walls. 
E U R 3 9 2 . e 
R E P R I N T 
D I R E C T O B S E R V A T I O N O F F E R R O E L E C T R I C DOMAINS IN BARIUM 
T I T A N A T E BY MEANS O F T H E E L E C T R O N MICROSCOPE bv S. 
A M E L I N C K S (C.E.N.) and H. B L A N K (Euratom). 
European Atomic Energy Communi ty - E U R A T O M . 
Eura tom - United States Agreement for Cooperation. 
Work performed under the Eura tom/C.E.N. contract No. 003-61-10 KDB -
(EURAEC Report No. 721). 
Reprinted from "Applied Physics Let te rs" , Vol. 2, No. 7 - 1063, pages 140-142. 
Thin single crystals of B a T i 0 3 show ferroelectric domains in transmission 
electron microscopy. The contrast is produced by Bragg reflection. Suitable 
oriented domain walls show contrast similar to stacking faults. The geometry of 
the domains is influenced sensitively by the electron beam. There are noticeable 
deviat ions from the (110) orientation of the domain walls. 
E U R 3 9 2 . e 
R E P R I N T 
D I R E C T O B S E R V A T I O N O F F E R R O E L E C T R I C DOMAINS IN BARIUM 
T I T A N A T E BV MEANS O F T H E E L E C T R O N MICROSCOPE by S. 
AMELINCKS (C.E.N.) and H. BLANK (Euratom). 
European Atomic Energy Communi ty - E U R A T O M . 
Eura tom - United Sta tes Agreement for Cooperation. 
Work performed under the Eura tom/C.E.N. cont rac t No. 063-61-10 R D B -
(EURAEC Report No. 721). 
Reprinted from "Applied Physics Le t te r s" , Vol. 2, No. 7 - 1963, pages 140-142. 
Thin single crystals of B a T i 0 3 show ferroelectric domains in transmission 
electron microscopy. The contras t is produced by Bragg reflection. Suitable 
oriented domain walls show cont ras t similar to stacking faults. The geometry of 
the domains is influenced sensitively by the electron beam. There are noticeable 
deviations from the (110) orientat ion of the domain walls. 

Volume 2, Number 7 APPLIED PHYSICS LETTERS 1 April 1963 
DIRECT OBSERVATION OF FERROELECTRIC DOMAINS ΓΝ BARIUM TITANATE 
BY MEANS OF THE ELECTRON MICROSCOPE 
H. Blank and S. Amelinckx 
Solid State Physics Department 
C. E. N. - S. C. K., MOL (Belgium) 
(Received 14 March 1963) 
The well established methods for studying di­
rectly the geometry of ferroelectric domains are; 
(1) optical observation in polarized light; (2) etch­
ing. It is the purpose of this 'Letter to draw atten­
tion to the use of electron transmission microscopy 
as a new tool to study ferroelectric domains. 
Recent attempts to prepare barium titanate single-
crystal foils suitable for electron microscopic ob­
servation have been successful ' and it has been 
shown that ferroelectric domains can be revealed. 
The electron microscope offers the attractive pos­
sibility of increased resolution as compared with 
the optical microscope, and of simultaneous dif­
fraction experiments. 
Figure 1 is an example of the type of image which 
can be obtained in tetragonal barium titanate. The 
domains which have a differently oriented c-axis 
exhibit varying shades because of differences in 
diffraction conditions. This can clearly be seen 
in Fig. 1 and 2 as a shift of the extinction contours 
within the narrow domains, with respect to the con­
tours outside. The boundaries themselves, when 
inclined with respect to the foil plane, produce 
interference fringes similar to those seen at stacking 
faults or twin boundaries, Fig. 2 and 3. The con­
trast is clearly diffraction contrast, as can be 
concluded from tilting experiments. Boundaries 
which are perpendicular to the foil plane, and hence 
are roughly parallel to the beam, have a small 
apparent width (see Fig. 1). Sometimes the op­
posite boundaries of a domain show different con­











related to the polar character of the c-axis. This 
thickness of the walls seen end on is in any case 
o J 
much smaller than 4000 A, as has been assumed in 
the past from optical observations. 
A very striking feature of these walls is the in­
stability of their configuration. Their position 
changes with the intensity of the electron beam 
current, with focusing conditions, or when the spec­
imen is displaced in the field of view. This of 
course makes it difficult to perform selected area 
diffraction experiments. If the beam intensity is 
F ig . 1. Domain boundaries in B a T l O , seen end on. 
From the p ic tu re one may es t ima te the w a l l t h i c k n e s s as r o 
be ing be low 100 A . 
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F lg . 2. A domaln in a crystal wedge showing th ickness 
fr inges. The d i s p l a c e m e n t of the t h i c k n e s s f r i nges in 
the doma in is i n d i c a t e d by a l oca l s t ronger c o n t r a s t in 
the f r i n g e s of the domain b o u n d a r i e s . 
F ig . 3. Domain boundaries showing deviat ions from 
the easy < 1 1 0 > d i rect ions. N o t i c e the bent boundary in 
the c l o s e d l oop . The o ther i n d i c a t i o n s are e x p l a i n e d 
in the t e x t . 
turned up the specimen can easily be heated above 
the transition point (120°), with disappearance of 
the domain patterns. 
From Fig. 3 it is clear that the domain boundaries 
are not strictly bounded to {HO} planes, as is 
usually observed optically. The deviations can be 
judged from the crystallographic orientation of the 
foil which has been indicated on the figure. The 
z-shaped boundary in Q has presumably this peculiar 
shape as a result of i ts tendency to remain more or 
less parallel to a { l i o } plane. All boundaries 
visible in Fig. 3 are apparently of the 90°-type. 
Interactions are visible in Ρ between the boundaries 
perpendicular to the foil and boundaries inclined 
45° with respect to the foil. Notice the small closed 
loop of boundary. 
Another frequently occuxing type of boundary 
usually shows only weak contrast and moves rather 
steadily at the same speed at which one moves the 
specimen stage, i. e. , the image of the boundary 
remains more or less stationary on the screen while 
it actually sweeps across the moving crystal [see 
Fig. 4(a)], From several indications one may con­
clude that it is a 180° boundary. If this boundary 
remains fixed for several minutes in the crystal 
it slowly changes its appearance and obviously 
serves as a site of nucleation for a new domain 
as can be seen from Fig. 4(b) which shows the same 
area as Fig. 4(a) but after several minutes. 
A more detailed account of these observations 
will be published elsewhere. 
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Fig . 4. Change In domain con-
fi guratlon. 
(a) A 180 boundary has come to 
rest and slowly changes its ap-
pearance. At the right one can 
see the tip of a new domain 
nucleated in the 180 boundary. 
(b) The new domain has sud-
denly advanced to the left along 
the old 180° boundary. 
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